ABSTRACT-To examine the effects of drugs on short-term memory in animals, the delayed discri mination experiment in rats and the delayed matching to sample experiment in rhesus monkeys were conducted. Nicotine at 0.125 mg/kg, s.c. in rats and at 0.5 mg/kg, s.c. in monkeys increased the per centages of correct choices. Scopolamine at 0.06-0.12 mg/kg, s.c. in rats and at 0.015 mg/kg, s.c. in monkeys decreased the percentages of correct choices. However, supposedly memory-specific, delay time-dependent disruptive effects by scopolamine were found only in monkeys. Diazepam at 0.5-2 mg/kg, s.c. did not change the correct choices in rats. However, diazepam at 1-4 mg/kg, i.g. de creased the correct choices in monkeys regardless of the delay time. Chlorpromazine at 0.25-1.5 mg/kg, s.c. showed inconsistent effects in rats. In monkeys, chlorpromazine at 0.25-0.5 mg/kg, s.c. had no effect. These results suggested that using both rats and monkeys would be useful for evaluating the effects of drugs on memory.
As the evaluation of drug effects on memory is im portant in preclinical studies of drugs which will be used for the treatment of senile dementia, an ex perimental system of measuring animal memory, with high sensitivity and selectivity, is needed (1) . Behav iorally, memory or remembering can be observed in an experimental procedure in which there is a delay be tween the presentation of a discriminative stimulus and the occasion for responding (2) .
Delayed matching to sample (or delayed matching) is one of the typical procedures used to examine the effects of drugs on the memory of animals (3) . In the delayed matching experiment, a subject is required to respond to one of the several choice stimuli which has the same characteristic, such as color, as the previously presented sample stimulus. This procedure is similar to recognition tests used for short-term memory study in humans (4) . Delayed matching experiments with visual stimuli have been conducted mainly in nonhuman pri mates and pigeons. Considering the extrapolation from animal experiment data to human clinical problems, the use of nonhuman primates is preferred because it is thought that mammals are more similar to humans than birds regarding pharmacokinetics and pharmacodynam ics (5) .
As the delayed matching procedure using nonhuman primates is sometimes not applicable, test methods us ing rodents are also required. In a series of experi ments, the delayed discrimination procedure in rats has been established (6, 7) . In this delayed discrimination procedure, rats were required to respond to the spatial location of the initially presented discriminative stimu lus. This procedure is similar but not identical to de layed matching, and it is easily applicable to rats.
The purpose of the present study was to compare the effects of nicotine, scopolamine, diazepam, and chlor promazine on the performance of delayed discrimina tion in rats and delayed matching in rhesus monkeys. Nicotine was selected because it may facilitate (8) or impair (9) the memory process. Scopolamine and diaz epam were selected because they may have amnesic effects (10, 11 
MATERIALS AND METHODS
Delayed discrimination in rats Subjects: Twenty-nine male Sprague-Dawley rats purchased from Clea Japan Co., Tokyo, were used. They were housed individually in an animal room in which room temperature (22-24'C) and humidity (45 75%) were controlled. The room was illuminated from 8 AM to 8 PM. Throughout the experimental period, the daily food (CE-2 rat chow, Clea Japan Co., Tokyo) supply was limited to 15-20 g per rat per day. Tap wa ter was freely available in their home cages. Their body weights ranged from 354 to 402 g at the start of the drug tests. Apparatus: Eight operant chambers, equipped with two response levers with a red lamp above each, and a white center lamp, were used. A food cup was attached between these 2 levers. A food pellet weighing approx imately 50 mg was delivered to the food cup as a re inforcer by an automated pellet dispenser (Model D-1, Ralph Gerbrands Co., Arlington, MA). Each operant chamber was placed in sound attenuating wooden box. The control of the experimental sequence and the col lection of data was performed by an LSI-11 micro computer system (Digital Equipment Co., Maynard, MA).
Procedure: Initially, rats were trained to press a lever for a food pellet under the continuous reinforcement schedule. After stable lever pressing responses were established for both the right and the left levers, the delayed discrimination training, with the delay time of 0.1 sec, was started. A schematic diagram of a trial of the delayed discrimination was shown in the upper part of Fig. 1 . In each trial, one of the two red lamps was illuminated for 5 sec, according to a randomized sequ ence in each trial. Then, the red lamp was turned off and the delay time began. After a certain amount of delay time (0.1 sec for training), the center white lamp was turned on to prompt a choice response. A response to the lever that was under the previously illuminated lamp was termed as a correct choice and reinforced with a food pellet. A response to the other side lever was termed as an error choice. An error choice termi nated the trial without reinforcement. If no choice re sponse was observed within 15 sec after the onset of the white center lamp, the trial was terminated and "no re sponse" was recorded. Eighty such trials were given daily, with intertrial intervals of 30 sec. The daily train ing was continued until the percentage of correct choices out of the total choices (abbreviated as CR% hereafter) was at least 80% for 3 consecutive training days.
Then, a series of drug tests were given. In these tests, a cumulative dose procedure was used. A test day included 4 to 5 test sessions. Each test session included 24 trials; 12 trials using the delay time of 0.1 sec, 6 trials using 4 sec, and 6 trials using 16 sec, in random ized order. The conditions of these trials were the same as in the training, except that both the correct and error choices were reinforced with a food pellet in these tests.
First, the effects of repeated administration of physio logical saline were tested. Saline at the volume of 1 ml/kg was administered subcutaneously 10 min before the start of each session, each of which lasted 18 min. Following a 2-min interval after the end of each ses sion, the next administration was given. This procedure was repeated four time. Then, the effects of the cumulative dose of nicotine at 0.125, 0.25, 0.5, and 1 mg/kg (each administered dose as follows: 0.125, 0.125, 0.25, 0.5 mg/kg); scopolamine at 0.03, 0.06, and 0.12 mg/kg (0.03, 0.03, 0.06 mg/kg); diazepam at 0.5, 1, and 2 mg/kg (0.5, 0.5, 1 mg/kg); and chlorpromazine at 0.25, 0.5, 1, and 1.5 mg/kg (0.25, 0.25, 0.5, 0.5 mg/kg) were tested. The first administration of these tests was always saline at 1 ml/kg. All administrations were given subcutaneously. The timing schedule of the drug admin istrations and the test sessions were the same as in the repeated saline test. Generally, these tests were given once a week. The training sessions with a delay time of 0.1 sec were given between each drug test.
Test compounds: (-)Scopolamine hydrobromide (Sigma Chemicals Co., St. Louis, MO), diazepam injec tion solution (Cercin'R, Takeda Chemical Industries Co., Osaka), nicotine (Tokyo Kasei, Co., Tokyo), and chlorpromazine hydrochloride (Contomine R; Yoshitomi Pharmaceuticals Industries Co., Fukuoka) were used. Scopolamine, nicotine, and chlorpromazine were dis solved in saline. Their concentraions were adjusted so that the injection volume was 1 ml/kg. Diazepam solu tion contained 5 mg of diazepam per 1 ml. To obtain the desired dose of diazepam, the administraion volume was adjusted. A microsyringe was used to inject the di azepam since the volumes were very small. Doses were expressed as the respective salts. Data analyses: Observations included the CR% and the time interval before the choice response after the onset of the center lamp (termed as the choice response time hereafter). In the case of the no response trials, 15 sec was recorded as the choice response time. The means of each dose, at each delay time, was compared to the corresponding value of the saline control. Statis tical analyses were done by Student's paired t-tests; the significant level was set to 5%.
Delayed matching to sample in rhesus monkeys
Subjects: Four male adult rhesus monkeys were used. Their ages were approximately 11-14 years. At the be ginning of this experiment, their body weights ranged from 6.4 to 9.1 kg. They were housed individually in a colony room in which room temperature (23-27-C) and humidity (55-75%) were controlled. The room was illuminated from 8 AM to 1 AM. The monkeys had previous experience in behavioral pharmacological experiments, but at least 6 months had elapsed since their last experiment. Throughout the experimental period, their daily water supply was limited to 300-500 ml per monkey per day. Water and food (CMK-1 Monkey chow, Clea Japan Co., Tokyo, approximately 100 g per monkey per day) were supplied at about 4:30 PM daily. Their health condition was checked by daily visual inspection and a periodic tuberculosis test.
Apparatus: Two wooden boxes, with attached venti lating fans, for primates were used. One wall of the box was a white plastic panel. Three circle-shaped stimulus presenting windows were attached horizontally to the panel. Red or blue colors were projected onto each window. The fringes of these windows were made of stainless-steel rings which were connected to touch re sponse detectors (Model AZ8469, Matsushita Electric Works Co., Osaka). A metal pipe used for the delivery of sweetened water as reinforcer was inserted into the chamber. About 0.5 ml of 10% sugar solution was used as a reinforcer. A buzzer for signaling a trial were attached to the chamber. The control of the ex perimental sequence and the collection of data were performed by an LSI-11 minicomputer system. Procedure: Initially, monkeys were trained to make touch responses to stimulus presenting windows for sugar solution reinforcement under the continuous re inforcement schedule. After stable touch responses were established for three windows, they were trained to make consecutive touch responses from the center window to either the left or right side window. After the establishment of these response chains, the training of matching to sample response without delay (simul taneous matching) was started. The schematic diagram of a trial of the delayed matching to sample is shown in the lower part of Fig. 1 . However, in the simultaneous matching, the presentation of the sample stimulus was continued throughout the trial. In each trial of this stage, the center window was illuminated with either red or blue color as a sample stimulus, according to a randomized sequence. After five touch responses (termed as observing responses hereafter) to the sample stimulus, both side windows were illuminated as the choice stimuli. If the left choice stimulus was blue, then the right choice stimulus was red and vice versa. These color sequences were randomly assigned in each trial. A choice response to the choice stimulus the color, of which matched the sample stimulus, was termed as the correct choice and the response was reinforced with sugar solution. A choice response to the opposite side terminated the trial without reinforcement. When no response was observed within 15 sec after the onset of the sample or choice stimuli, the trial was terminated and "no response" was recorded. Each day, 120 trials were given with intertrial intervals of 10 sec. After the completion of this stage, the delayed matching to sam ple training with a delay time of 0.1 sec was started. In this stage, the sample stimulus was withdrawn after five observing responses. At 0.1 sec after the offset of the sample stimulus, the choice stimuli were presented. Other details were kept the same as the simultaneous matching training.
If the CR% was at least 80% for more than 3 con secutive training days, the delayed matching to sample training with delay times of 0.1, 1, 4, 8 sec was started. These 4 kinds of delay times were inserted between the termination of the sample stimulus and the onset of the choice stimuli according to a randomized sequence. For each delay time, 32 trials were given. When stabilized relationships between the delay time and the CR% were observed, the drug tests were given; this was generally once a week. The procedures for these tests were the same as those of the training. Between each test, training sessions were given. Test drugs used for this experiment were the same as in the rat experiment.
However, a cumulative dose procedure was not used in this experiment. Test doses were nicotine at 0.25, 0.5, and 1 mg/kg; scopolamine at 0.004, and 0.015 mg/kg; diazepam at 0.5, 1, and 4 mg/kg; and chlorpromazine at 0.25, and 0.5 mg/kg. Scopolamine was administered subcutaneously 30 min before the start of each test ses sion. Diazepam was administered intragastrically 30 min before the start of each test session. Nicotine and chlor promazine were administered subcutaneously 10 min before the start of each test session. The vehicle for scopolamine, nicotine and chlorpromazine was physio logical saline. The vehicle for diazepam was 0.5% sodium carboxymethylcellulose (CMC).
Test compounds: The source of scopolamine, nico tine, and chlorpromazine was the same as in the rat ex periment. These were dissolved in saline. The concen trations were adjusted so that the injection volume was 0.2 ml/kg. Diazepam powder stored in our laboratory as the standard reference compound was suspended in 0.5% CMC. The injection volume of diazepam was 1 ml/kg. Doses were expressed as the respective salts.
Data analyses: Observations included were the CR%, response time for the observing responses and choice responses. In the case of the no response trials, 15 sec was given as the response time. The choice response times were not statistically analyzed because this param eter did not show systematic changes. The means at each dose at each delay time were compared with those of the vehicle control by Student's paired t-tests; the significant level was set to 5%. Fig. 2 . Effects of drugs on the delayed discrimination responses in rats. Abscissas: Delay time in sec after the cue stimulus light was turned off. Ordinates: Mean percent of the correct choice re sponses with the standard error of the mean. * : P < 0.05, * * : P < 0.01, against the saline control (paired t-test, two-tailed).
in Fig. 2 , and the choice response times are shown in Table 1 . Values of the saline control in this figure and table were obtained from the first administration ses sion of each test day.
Nicotine at 0.125 mg/kg significantly increased the CR% at the delay time of 0.1 sec compared with the value of the saline control. Although the same increase of the CR% was found at other doses at the delay time As for the effects of the four kinds of drugs on the delayed discrimination responses, the CR% are shown of 0.1 sec, they were not statistically significant. At other delay times, decreases of the CR% compared with the values of the saline control were found. However, these decreases were not statistically signifi cant. The choice response times were slightly de creased. Significant decreases of the response times were found at 0.25 and 0.5 mg/kg. No clear dose-effect relationship was found for the choice response times in the range of doses tested. Scopolamine at 0.06 and 0.12 mg/kg significantly de creased the CR% at the delay time of 0.1 sec dose-de pendently compared with the value of the saline con trol. Scopolamine at 0.03 mg/kg did not change the CR%. The choice response times increased dose-depend ently. These increases were statistically significant.
Diazepam decreased the CR% at the delay times of 0.1 and 4 sec compared with the values of the saline control. However, the dose-effect relationships were not clear. As for the CR%, no values were significantly different from the values of the saline control. The choice response times slightly increased at 0.5 and 1 mg/kg. At 2 mg/kg, a marked increase of the choice response times was observed.
The effects of chlorpromazine were not consistent. Chlorpromazine at 0.25 mg/kg significantly increased the CR% at the delay time of 0.1 sec. However, this drug at the same dose significantly decreased the CR% at the delay time of 4 sec. At the highest dose, 1.5 mg/kg, a significant decrease of the CR% at the delay time of 0.1 sec was found. The choice response times were increased dose-dependently. Significant differ ences were observed at doses of 0.5 mg/kg and higher.
From the start of the training, 30 to 63 sessions were required for the establishment of the delayed matching to sample response with the delay time of 0.1 sec. When four kinds of delay times (0.1, 1, 4 and 8 sec) were introduced, the CR% decreased delay-time-de pendently. Once established, daily patterns of the re lationship between the delay times and the CR% were stable for all four monkeys.
As for the effects of the four kinds of drugs on de layed matching to sample responses, CR% are shown in Fig. 3 , and the observing response times are shown in Table 2 . In Fig. 3 , some values were obtained from 3 monkeys instead of 4 monkeys because the number of the total choice responses were too small (less than 10) in one monkey.
Nicotine at 0.5 mg/kg significantly increased the CR% with a delay time of 1 sec compared with the value of saline control. Although slight increases were found at other doses at the delay time of 1 sec, these were not significant. In contrast to the delayed discri mination in rats, the apparent decrease of the CR% by nicotine was not found in the delayed matching at the tested dose range in rhesus monkeys. The observing re sponse times were not affected, except at the highest dose. The marked increase of the observing response times were found at the highest dose of 1 mg/kg, although the increase was not statistically significant.
Scopolamine at 0.015 mg/kg significantly decreased the CR% with the delay time of 1 sec compared with the value of the saline control. Although this dose de creased the CR% at the delay time of 4 sec, and the degree of the decrease seemed to be greater that those at 1 sec, this was not statistically significant. Scopol amine at 0.004 mg/kg had no effect on the CR%. However, at this dose, an increase of the observing re sponse times was found. The increase was also found at 0.15 mg/kg, but these were not statistically significant.
Diazepam decreased the CR% dose-dependently at various delay times compared with the values of the CMC control. At 0.5 mg/kg, the CR% at the delay time of 4 sec was decreased. However, the decrease was not statistically significant. The drug at this dose slightly shortend the observing response times. At 1 and 4 mg/kg, marked decreases of CR% were found at delay times of 0.1, 1, and 4 sec. As for these doses, the observing response times were increased dose-depend ently.
Chlorpromazine produced no clear change of the CR% at the tested dose range. The observing response times were increased dose-dependently.
The increase was significant at 0.5 mg/kg. Fig. 3 . Effects of drugs on the delayed matching to sample responses in rhesus monkeys. * : P < 0.05, * * : P < 0.01, against the vehicle control (paired t-test, two-tailed). The vehicle for nicotine, scopolamine, and chlorpromazine was saline. The vehicle for diazepam was CMC. Other details are as in Fig. 2 . 
DISCUSSION
Although there were some procedural differences between the delayed discrimination and the delayed matching, drug effects were studied in terms of the re lationships between the delay times and the CR% in both experiments. In the control, the CR% decreased as the length of the delay time increased in both experi ments. This data showed a similarity to human short term memory retention (4) . Using this delayed response technique, specific drug effects on memory could be distinguished from the non-specific ones. If a drug has specific effects on memory, a systematic change of the relationship between the CR% and the delay time might be observed. In such a case, the drug effects could be termed as "delay-time-dependent" (3) .
As for the effects of the four drugs tested, there were similarities and dissimilarities in the delayed discrimina tion in rats and the delayed matching in rhesus mon keys.
Nicotine at certain doses increased the CR% in both experiments. The increases were found at relatively short delay times in both experiments. Considering the short delay time at which the increase of the CR% was found, these effects might not be memory specific. Other factors such as attention, or ease of response, might be involved. In human studies, nicotine has been reported to improve information processing (12, 13) . Beneficial effects in patients with Alzheimer's disease have even been reported (14) . In animal studies, faci litative effects on the delayed matching performance in monkeys has also been reported by other investigators (8) . However, several studies showed disruptive effects on learning and memory in rats depending on the ex perimental conditions used (6, 9) . Summarizing these findings with the present results, nicotine may have some facilitating effects on learned behaviors under a certain experimental conditions. Scopolamine decreased the CR% in both experi ments. The decreases were found at the delay time of 0.1 sec in the delayed discrimination in rats. It was sug gested that the effects were not memory specific under the present experimental conditions. However, the CR% of the saline control at the delay time of 4 sec was relatively low. This might mask the effects of sco polamine at the delay time of 4 sec. In contrast, no de crease at the delay time of 0.1 sec was found in the de layed matching in monkeys. In the delayed matching, the greater decreases of the CR% were found at delay times of 1 and 4 sec than at the delay time of 0.1 sec. These delay-time-dependent disruptive effects suggested that the effects were related to memory. The disruptive effects of scopolamine on memory in humans and in animals have been reported by other investigators (10, 15 -18) . However, the question of whether the effects of scopolamine were memory specific is not clear. Some studies have reported "delay-time-dependent" disrup tive effects (10, 19, 20) , while other studies have re ported the disruptive effects were not "delay depend ent" (21) (22) (23) . The present data suggested that scopol amine has both memory specific and nonspecific disrup tive effects depending on the experimental conditions.
Diazepam decreased the CR% in both experiments. However, the effects were not significant in the delayed discrimination in rats. In the delayed matching in monkeys, the disruptive effects were found regardless of delay times. A comparison with the data of scopol amine in the delayed matching, clearly shows that scopol amine and diazepam have different modes of disrup tion. Our previous results on rats in a Y-maze showed a correlation to the present data concerning the mode of the disruptive effects of scopolamine and diazepam (7) . Although the "amnesic" effects of benzodiazepines has been reported (11, 24) , its apparent disruptive effects on memory might be caused by some other factors such as attentional or motivational deficits.
Effects of chlorpromazine differed in the delayed dis crimination in rats and the delayed matching in mon keys. The effects on the delayed discrimination were unclear. At 0.25 mg/kg, chlorpromazine increased the CR% at the delay time of 0.1 sec. This facilitative effect might be caused by the suppression of in appropriate movement. In the delayed matching, vir tually no effect on the CR% was found. Because the marked increase of the observing response time was found at the highest dose, the tested doses of chlor promazine in delayed matching were sufficient. Although chlorpromazine has not been reported to affect memory, haloperidol and other neuroleptic drugs have been reported to have some disruptive effects on memory in rats and pigeons (25, 26) . From the present data, it was considered that chlorpromazine does not have specific disruptive effects on memory.
The results in the present study suggested that the combination of the delayed discrimination and the de layed matching is useful for analysis of drug effects on memory. For example, it was almost impossible to dis tinguish between the effects of nicotine and chlorpro mazine, if only the delayed discrimination experiment using rats was conducted. On the other hand, the de layed matching procedure can differentiate the effects of the four drugs tested. However, from a practical point of view, conducting the delayed matching experi ment in monkeys with new drugs, of which effects are totally unknown, is not possible in all test facilities. The study using the delayed discrimination procedure in rats has its own advantages: the training is easy; stable base line performance can be maintained for a long period of time; and the sample size can be large enough to en able the application of reliable statistical analyses.
The "delay-time-dependent" (3) drug effects strongly suggest that the drug effects are memory specific. However, it could be debated whether the "delay-time dependent" is actually a quantitave difference rather than a qualitative one. For example, the higher dose of diazepam in rats might cause a significant decrease of the CR%. Similarly, the higher dose of chlorpromazine in monkeys might cause effects similar to those found in rats. Although it was actually impossible to test high er doses due to the strong response supression, the pos sibility remains that the "memory specific drug effects" and "non-specific drug effects" might be a continuous phenomenon.
In conclusion, it was suggested that a two-step testing system for detecting drug effects on memory in animals was useful. Rapid prediction of the facilitative or dis ruptive effects on memory could be made by experi ments using rats. If the drug effects are observed in rats, then the delayed matching experiment in monkeys might be used to investigate whether the effects are memory specific or not. One advantage to the delayed matching procedure is that it is directly applicable to human subjects. Such a unified testing system from rats to humans is valuable to evaluate beneficial drug effects on memory.
